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Abstract 
This paper presents a multi-band coplanar waveguide (CPW) fed antenna of size 47mm × 43 
mm x 1.6mm with hexagonal patch implementing on a FR4 substrate with permittivity 4.6 and 
loss tangent of 0.001 based on metamaterial structure. Hexagonal ring technique is used to 
create multiple band of required frequency. Metamaterial structured antenna covers a 
frequency of 1.8 GHz, 2.4 GHz, 3.5 GHz and 5.2 GHz. It is suitable for the future 5G Internet 
of Thing (IoT) portable applications, WiMAX, Wi-Fi/Bluetooth applications. This antenna is 
designed and simulated results of return loss, voltage standing wave ratio (VSWR), radiation 
pattern using Ansys HFSS version 16. 
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INTRODUCTION  
There have been various research 
undergoing in the field of wireless 
communication on antenna designs for 
various purposes. Antennas are one of the 
essential components in many IoT 
applications.  
 
Recent research works in antenna design 
always attracts interest in wireless 
communication fields, MIMO systems and 
other wireless sensor network systems 
which improves the space and also saves 
the cost. A compact CPW fed dual band 
antenna based on metamaterial structure 
has been designed with a mutual coupling 
of electric and magnetic field which 
induced by using split ring resonators 
between the feed and ground plane. To 
provide impedance matching and 
improved efficiency trapezoidal 
rectangular ground plane is used [1]. This 
antenna is made used for WiMAX and for 
WLAN applications. 
 
Another antenna designed for Universal 
Mobile Telecommunication System 
(UMTS), Worldwide interoperability for 
Microwave Access (WiMAX), Wireless 
Local Area Network (WLAN) 
applications, a compact metamaterial 
loaded monopole antenna with offset fed 
microstrip line in FR-4 substrate. The 
radiating elements for these antennae is 
considered to be split ring resonators 
(SRR) and complimentary split ring 
resonators for generating multiband of 
required frequencies [2] and similar 
antenna in reported by Arpan Desai et al 
can be used in smart vehicles [3]. 
 
Work on SRR loaded periwinkle flower 
shaped fractal antenna for multiband 
applications have been analysed and found 
that frequency ranges which covers the S-
band, C-band, X-band and Ku-band is 
obtained. These fractal metamaterial 
antennae consist of compact size that 
operate at multiple frequency. These 
antennas can be integrated on printed 
circuit boards for wireless applications in 
communication field [4]. 
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A study on quad semi-circular monopole 
antenna was carried out which can be used 
for GSM, WiMAX and C-band 
applications. Complimentary split ring 
resonators are loaded on ground planes for 
making use for WiMAX and two C shaped 
slot are used to obtain quad bands [5, 7]. 
Due to compact and improved radiation 
this antenna is used widely for GSM, 
WiMAX and C-band applications. 
Antenna similar to designed by C 
Elavarasi is discussed with SRR loaded on 
rose flower structure for dual bands [4, 6]. 
 
This paper presents a multiband antenna 
which explore the metamaterial structural 
characteristics that could be used for 
antenna deigning. Here introduces a CPW 
fed multiband antenna by incorporating the 
properties of metamaterial such as 
negative permeability and negative 
permittivity. Coplanar waveguide feed 
antennas have low profile, low 
manufacturing cost, they are simple 
feeding and also have features to integrate 
easily to any device. 
 
ANTENNA DESIGN 
This paper introduces a hexagonal shaped 
antenna with hexagonal ring slots. The 
substrate that is used for the antenna 
design an FR-4 with a thickness of 1.6mm 
and loss tangent of 0.001.  
 
Fig. 1 shows hexagonal patch antenna with 
hexagonal rings. This antenna contains a 
hexagonal patch and a CPW. Feedlines are 
connected to the patch and every 
hexagonal ring the dimension of these 
connection feedlines are considered on the 
basis of iteration method which achieves 
required results. 
 
The substrate has a permittivity of 4.6, it 
provides an improved radiation. 
Hexagonal shaped patched is used in 
which hexagonal shaped rings of 
dimensions 2.5mm, 2mm and 1mm have 
been etched out of the substrate. The 
dimensions that are used to etch out these 
rings are obtained by iteration method 
which provide a better result. Depending 
on these dimensions the dimension of 
feedlines that are provided to connect each 
hexagonal ring also varies and best value 
is considered. 
 
CPW is fed with transmission line 
impedance of 50Ω with rectangular ground 
plane. This is an ideal value that is given 
in between a 30Ω and 70Ω which provide 
impedance matching and improved 
radiation. 
 
Table 1 represents the dimensions that are 
used in the antenna designing. 
 
 
Figure 1: Metamaterial inspired CPW fed 
antenna. 
 
Table 1: Value of parameters used in 
antenna. 
Parameter Dimension 
a 43mm 
b 10.2mm 
c 3mm 
d 47mm 
e 7mm 
f 20.8mm 
g 18mm 
 
The substrate has a thickness of 1.6 mm. 
The feedline width is 3mm and distance 
between the ground plane and the feedline 
is assigned to be 1.2mm. Simulation result 
of this antenna is discussed in the 
following section for required frequencies. 
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SIMULATION RESULTS 
Fig. 2 shows the return loss of designed 
antenna. The figure shows the reflection 
coefficient display from which return loss 
of antenna and the impedance matching 
can be analysed. 
 
 
Figure 2: Return loss of metamaterial inspired CPW fed antenna. 
 
This antenna is designed to be used at 
certain frequency range which can be used 
for Bluetooth, Wi-Fi applications, and for 
other applications which covers a 
frequency range of 1.8 GHz, 2.4 GHz, 3.5 
GHz and 5.2 GHz. From the simulation 
result it is clear the there is a return loss 
better -10 dB achieved at these 
frequencies. From s parameter plot we find 
antenna provide multiple bands and are 
useful for multiple applications. 
 
Fig. 3 shows the simulated result of 
voltage standing wave ratio (VSWR).
 
 
Figure 3: VSWR of antenna. 
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The maximum value of VSWR is 1. The 
simulation result shows that the value of 
VSWR at our required frequencies is less 
than 2 and is almost close to 1. Radiation 
patterns at different frequencies are shown in 
Fig. 4, Fig. 5, Fig. 6 and Fig. 7, respectively.  
In E plane bidirectional pattern have been 
depicted and in H plane omnidirectional 
pattern of radiation have been depicted such 
as that of monopole antenna 
 
 
Figure 4: Radiation pattern for frequency 1.8 GHz. 
 
 
Figure 5: Radiation pattern for frequency 2.4 GHz. 
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Figure 6: Radiation pattern for frequency 3.5 GHz. 
 
 
Figure 7: Radiation pattern for frequency 5.2 GHz. 
 
From the radiation patterns at different 
frequency such as 1.8 GHz, 2.4 GHz, 3.5 
GHz and 5.2 GHz we observe that the 
radiation pattern at higher frequency get 
suffered from losses and so in E plane and 
H plane radiation pattern of 5.2 GHz a tilt 
is observed from the normal pattern. 
 
Fig. 8 to Fig. 11 shows current distribution 
at different frequencies in the antenna.
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Figure 8: Current distribution at 5.2 GHz. 
 
 
Figure 9: Current distribution at 2.4 GHz. 
 
 
Figure 10: Current distribution at 3.5 GHz. 
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Figure 11: Current distribution at frequency 1.8 GHz. 
 
With this analysis we can analyze which 
part of the antenna is dominating for 
radiation. This helps to analyze which part 
of antenna has more current concentration 
at particular frequencies. 
 
The surface current distribution of antenna 
at different frequency are observed and 
results have been analyzed. It is found that 
at some frequencies the surface current 
gets concentrated at the ground plane and 
the outer most ring and at some frequency 
the current is present at some part of the 
ground plane and also at the inner parts of 
the hexagonal rings. 
 
It is clear that at 1.8 GHz maximum 
radiation is contributed by the lower rings 
of the antenna, feed and some part of the 
ground plane. At 3.5 GHz it is contributed 
more by the sides of the ground plane near 
to the feed, feedlines and whole antenna 
including all the hexagonal rings. At 2.4 
GHz range the current is more 
concentrated at the right part of the 
antenna and at the walls of the ground 
plane near to the feed. At 5.5 GHz 
frequency the radiation is more contributed 
by the current that is concentrated at the 
out ring of the hexagonal patch and the 
walls of ground plane. 
 
Gain of the antenna is analyzed. Antenna 
gain is represented as a function of angle 
and radiation pattern of antenna is given in 
terms of antenna gain. Fig. 12 represents 
the radiation pattern measured in terms of 
antenna gain. 
 
 
Figure 12: Antenna gain at 1.8GHz. 
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Since, the radiation pattern at higher 
frequencies suffer loss the radiation pattern 
that to represents the antenna gain will 
similarly suffers this loss and the result is 
observed as shown in the above figure. 
The frequency ranges we obtained are 
used for Bluetooth and Wi-Fi connectivity 
and also for 2G, 3G and 4G applications. 
This antenna can also be used for IoT 
applications since it covers a range of 
2.4GHz which are used in IoT 
applications. 
 
CONCLUSION 
A metamaterial inspired CPW fed antenna 
has been designed and simulated using 
Ansys HFSS software version 16.  The 
resonating frequencies achieved from this 
antenna are 1.8 GHz, 2.4 GHz, 3.5 GHz 
and 5.2 GHz. These multiband can be used 
for Bluetooth and Wi-Fi connectivity as 
well as for 2G 3G 4G and upcoming 5G 
applications. Iot applications requires a 
frequency of 2.4 GHz which implies that 
this antenna can also be used for IoT 
applications. Due to metamaterial structure 
of this antenna they are of small size and 
have improved antenna properties like 
gain, efficiency, directivity, bandwidth etc. 
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